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COMMUNICATION DEVICE AND
COMMUNICATION METHOD

CROSS REFERENCE TO RELATED
APPLICATIONS

This Application 1s a continuation application of applica-
tion Ser. No. 15/545,135, filed Jul. 20, 2017, which 1s a

Nationalization of PCT/JP2016/052424, filed Jan. 28, 2016
which claims the benefit of Japanese Priority Patent Appli-
cation JP2015-53573 filed on Mar. 17, 2015, the entire

contents of which are incorporated herein by reference.

TECHNICAL FIELD

The disclosure relates to a communication device utilized
in short-range wireless communication (NFC; Near Field
Communication), and a communication method utilized for
the communication device.

BACKGROUND ART

Short-range wireless commumnication 1s a technique
spreading mainly 1 the Asian zone with regard to, for
example, traflic systems, billing, and authentication, and is
a technique ratified as an international standard. A standard
of the short-range wireless communication (hereimnbelow
also referred to as NFC standard) has compatibility, as
so-called backward compatibility, with various standards
such as TypeA standard, TypeB standard, FeliCa standard,
and ISO135693 standard. In other words, for example, reader
writers or cards i conformity with the NFC standard are
also 1n conformity with all these standards.

In the short-range wireless communication, for example,
the reader writer transmits data to the card by ASK (Ampli-
tude Shift Keying) modulation. The card transmits data to
the reader writer by load modulation. For example, PTLs 1
and 2 disclose communication devices that are able to
perform communication by the load modulation (passive
load modulation).

CITATION LIST
Patent Literature

PTL 1: Japanese Unexamined Patent Application Publica-
tion No. 2013-62605

PTL 2: Japanese Unexamined Patent Application Publica-
tion No. 2011-254156

SUMMARY OF THE INVENTION

Now, 1n general, in communication, higher communica-
tion quality 1s desired, with expectation of further enhance-
ment 1n communication quality.

It 1s therefore desirable to provide a communication
device and a commumnication method that make 1t possible to
enhance communication quality.

A first communication device according to an embodi-
ment of the disclosure includes a signal generator, a first
modulator, a second modulator, and a communication con-
troller. The signal generator generates, on the basis of a first
signal received from a communication partner through a
coil, a second signal that synchronizes with the first signal.
The first modulator 1s configured to be able to modulate the
first signal on the basis of the second signal. The second
modulator 1s configured to be able to modulate the first
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2

signal. The communication controller selects, on the basis of
the first signal, whichever modulator is to be operated, from
the first modulator and the second modulator.

A second communication device according to an embodi-
ment of the disclosure includes a signal generator, a phase
adjuster, and a first modulator. A coil receives a first signal
from a communication partner. The signal generator gener-
ates, on the basis of a first signal received from a commu-
nication partner through a coil, a second signal that syn-
chronizes with the first signal. The phase adjuster adjusts a
phase of the second signal on the basis of the first signal. The
first modulator 1s configured to be able to modulate the first
signal on the basis of the second signal the phase of which
has been adjusted by the phase adjuster.

A first communication method according to an embodi-
ment of the disclosure includes: allowing a coil to receive a
first signal from a communication partner; generating, on the
basis of the first signal, a second signal that synchronizes
with the first signal; and selecting, on the basis of the first
signal, whichever modulator 1s to be operated, from a first
modulator and a second modulator. The first modulator 1s
configured to be able to modulate the first signal on the basis
ol the second signal, and the second modulator 1s configured
to be able to modulate the first signal.

A second communication method according to an
embodiment of the disclosure includes: allowing a coil to
receive a first signal from a communication partner; gener-
ating, on the basis of the first signal, a second signal that
synchronizes with the first signal; adjusting a phase of the
second signal on the basis of the first signal; and allowing a
first modulator to operate. The first modulator 1s configured
to be able to modulate the first signal on the basis of the

second signal the phase of which has been adjusted.
In the first communication device and the first commu-

nication method according to the embodiments of the dis-
closure, the first modulator and the second modulator are
provided. The first modulator 1s configured to modulate the
first signal on the basis of the second signal that synchro-
nizes with the first signal. Moreover, on the basis of the first
signal, whichever modulator operates 1s selected from the
first modulator and the second modulator.

In the second communication device and the second
communication method according to the embodiments of the
disclosure, the first modulator 1s provided. The first modu-
lator 1s configured to modulate the first signal on the basis of
the second signal that synchronizes with the first signal. The
phase of the second signal 1s adjusted on the basis of the first
signal.

According to the first communication device and the first
communication method of the embodiments of the disclo-
sure, the first modulator and the second modulator are
provided. On the basis of the first signal, whichever modu-
lator 1s to be operated 1s selected from the first modulator
and the second modulator. Hence, 1t 1s possible to enhance
the communication quality.

According to the second communication device and the
second communication method of the embodiments of the
disclosure, the first modulator 1s provided. The phase of the
second signal 1s adjusted on the basis of the first signal.
Hence, 1t 1s possible to enhance the communication quality.

It 1s to be noted that effects of the disclosure are not
necessarily limited to the effects described above, and may
include any of eflfects that are described herein.

BRIEF DESCRIPTION OF DRAWING

FIG. 1 1s a block diagram that illustrates one configuration
example of a communication system according to a first
embodiment of the disclosure.
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FIG. 2A 1s a wavelorm chart that illustrates one operation
example of a phase synchronizer unit illustrated in FIG. 1.
FIG. 2B 1s a waveform chart that illustrates another

operation example of the phase synchronizer unit illustrated
in FIG. 1.

FIG. 3 1s a schematic diagram provided for description of
a concept of active load modulation.

FIG. 4 1s a flowchart that illustrates one operation
example of the commumnication system illustrated 1n FIG. 1.

FI1G. 5 15 a block diagram that 1llustrates one configuration
example of a communication system according to a modi-
fication example of the first embodiment.

FIG. 6 1s a flowchart that illustrates one operation
example of the commumnication system illustrated 1n FIG. 5.

FI1G. 7 1s a block diagram that 1llustrates one configuration
example of a communication system according to a modi-
fication example of the first embodiment.

FIG. 8 1s a flowchart that illustrates one operation
example of the communication system 1llustrated in FIG. 7.

FIG. 9 1s a block diagram that 1llustrates one configuration
example of a communication system according to a second
embodiment.

FIG. 10 1s a characteristic diagram that illustrates one
example of communication characteristics by the active load
modulation.

FIG. 11 1s a flowchart that illustrates one operation
example of the commumnication system illustrated 1n FI1G. 9.

FIG. 12 1s a flowchart that illustrates one operation
example of a communication system according to a modi-
fication example of the second embodiment.

FIG. 13 1s a block diagram that illustrates one configu-
ration example of a communication system according to a
modification example of the second embodiment.

FIG. 14 1s a flowchart that illustrates one operation
example of the communication system 1llustrated 1n FIG. 13.

FIG. 15 1s a block diagram that illustrates one configu-
ration example of a communication system according to a
modification example of the second embodiment.

FIG. 16 1s a flowchart that illustrates one operation
example of the communication system illustrated 1n FIG. 15.

FIG. 17 1s a block diagram that illustrates one configu-
ration example of a communication system according to a
third embodiment.

FIG. 18 1s a flowchart that illustrates one operation
example of the communication system 1llustrated 1n FI1G. 17.

MODES FOR CARRYING OUT TH.
INVENTION

(Ll

In the following, some embodiments of the disclosure are
described 1n detail with reference to the drawings. It 1s to be
noted that description 1s made 1n the following order.

1. First Embodiment
2. Second Embodiment

3. Third Embodiment

1. First Embodiment
Configuration Example

FIG. 1 1llustrates one configuration example of a com-
munication system 1 including a communication device
according to a first embodiment. The communication system
1 performs communication by short-range wireless commu-
nication. It 1s to be noted that since a commumication method
according to an embodiment of the disclosure 1s embodied
by this embodiment, description thereof 1s made together.
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4

The communication system 1 includes a communication
device 10 and a communication device 20.

The communication device 10 and the communication
device 20 perform communication with each other through
a magnetic field. Specifically, 1n the communication system
1, a coil 15 (described later) of the communication device 10
and a coil 21 (described later) of the communication device
20 form coupling through the magnetic field, to transmit or
receive data by electromagnetic induction. At this occasion,
the communication device 10 transmits, by ASK modula-
tion, data to the communication device 20, and the commu-
nication device 20 transmits, by passive load modulation or
active load modulation, data to the communication device
10, as described later. The communication device 10 1s
applied to, for example, a reader writer, and 1s 1n conformity
with any one of various standards such as TypeA standard,
TypeB standard, FeliCa standard, and ISO15693 standard.
The commumnication device 20 1s applied to, for example, a
card, and 1s 1 conformity with NFC standard that has
backward compatibility with these standards.

The communication device 10 includes a carrier signal
generator unit 11, a data generator unit 12, a modulator unit
13, an amplifier 14, the coil 15, a capacitor 16, and a
demodulator unit 17.

The carrier signal generator unit 11 generates a carrier
signal. A frequency of the carrier signal 1s, for example,
13.56 MHz. The data generator unit 12 generates data D1 to
be transmaitted.

The modulator unit 13 modulates, by the ASK modula-
tion, the carrier signal with the utilization of the data D1, to
generate a signal S11. Moreover, the modulator unit 13
keeps from performing the ASK modulation, 1n a case where
the communication device 20 transmits data D2 to the
communication device 10.

The amplifier 14 generates a signal S12 on the basis of the
signal S11, and outputs the signal S12 as an inter-terminal
signal between a first output terminal and a second output
terminal. The first output terminal of the amplifier 14 1s
coupled to one end of the coil 15 and to one end of the
capacitor 16. The second output terminal of the amplifier 14
1s coupled to another end of the coil 15 and to another end
of the capacitor 16.

The coil 15 generates the magnetic field on the basis of the
signal S12, and forms coupling to the coil 21 (described
later) of the communication device 20 through the magnetic
field. The one end of the coil 15 1s coupled to the first output
terminal of the amplifier 14 and to the one end of the
capacitor 16, whereas the other end 1s coupled to the second
output terminal of the amplifier 14 and to the other end of the
capacitor 16. The one end of the capacitor 16 1s coupled to
the one end of the coil 15 and to the first output terminal of
the amplifier 14, whereas the other end 1s coupled to the
other end of the coil 15 and to the second output terminal of
the amplifier 14.

The demodulator umt 17 performs demodulating opera-
tion on the basis of a voltage signal at the other end of the
coill 15, to receive the data D2 transmitted from the com-
munication device 20. The demodulator unit 17 1s consti-
tuted by, for example, a so-called 1I/QQ (In-phase/Quadrature)
demodulator. In the communication system 1, the commu-
nication device 20 performs communication by load modu-
lation, 1n transmitting data to the communication device 10.
Specifically, in a period when the communication device 10
transmits the carrier signal to the communication device 20,
a communication controller unit 32 (described later) of the
communication device 20 changes, 1n accordance with the
data D2 to be transmitted, a load viewed from the commu-
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nication device 10. The change in the load appears, in the
communication device 10, as, for example, a change 1n
amplitude or a phase of the voltage signal at the other end
of the coil 15. The demodulator unit 17 detects the amplitude
or the phase of the voltage signal at the other end of the coil
15, to receive the data D2 transmitted from the communi-
cation device 20. Moreover, the demodulator unit 17 sup-
plies the data D2 to other blocks in the commumnication
device 10.

It 1s to be noted that 1n this example, the demodulator unait
17 operates on the basis of the voltage signal at the other end
of the coil 15, but this 1s non-limiting. For example, the
demodulator unit 17 may operate on the basis of a voltage
signal at the one end of the coil 15, or alternatively, the
demodulator unit 17 may operate on the basis of a voltage
signal between both the ends of the coil 15.

The communication device 20 includes the coil 21, a
capacitor 22, switches 23A and 23B, amplifiers 24A and
24B, a switch 25, a resistor 26, a demodulator unit 27, a
phase synchronizer unit 28, a phase adjuster unit 29, an
amplitude detector unit 30, a data generator unit 31, and the
communication controller unit 32.

The coil 21 forms coupling to the coil 135 of the commu-
nication device 10 through the magnetic field, and generates,
by the electromagnetic induction, a signal S21 correspond-
ing to the signal S12 1n the communication device 10. One
end of the coil 21 1s coupled to one end of the capacitor 22,
to one end of the switch 23A, and to one end of the switch
25. Another end of the coil 21 1s coupled to another end of
the capacitor 22 and to one end of the switch 23B. The one
end of capacitor 22 1s coupled to the one end of the coil 21,
to the one end of the switch 23A, and to the one end of the
switch 25, whereas the other end 1s coupled to the other end
of the coil 21 and to the one end of the switch 23B.

The one end of the switch 23A 1s coupled to the one end
of the coi1l 21, to the one end of the capacitor 22, and to the
one end of the switch 25, whereas another end 1s coupled to
an output terminal of the amplifier 24A. The one end of the
switch 23B 1s coupled to the other end of the coil 21 and to
the other end of the capacitor 22, whereas another end 1s
coupled to an output terminal of the amplifier 24B. The
switches 23 A and 23B are turned on and ofl on the basis of
a switch control signal SW1.

The amplifier 24A amplifies an output signal (a signal
S23) of the phase adjuster unit 29, and outputs the signal
amplified. The amplifier 24B 1nverts and amplifies the
output signal (the signal S23) of the phase adjuster unit 29,
and outputs the signal inverted and amplified.

With this configuration, 1n the communication device 20,
as described later, turning on and ofl the switches 23A and
23B causes the active load modulation to be performed.

The one end of the switch 25 1s coupled to the one end of
the coil 21, whereas another end 1s coupled to one end of the
resistor 26. The switch 25 1s turned on and ofl, on the basis
ol a switch control signal SW2. The one end of the resistor
26 1s coupled to the other end of the switch 25, whereas
another end 1s grounded. With this configuration, in the
communication device 20, as described later, turning on and
ofl the switch 25 causes the passive load modulation to be
performed.

The demodulator unit 27 performs the demodulating
operation on the basis of a voltage signal at the other end of
the coil 21, to receive the data D1 transmitted from the
communication device 10. The demodulator unmit 27 1is
constituted by an ASK demodulator. Moreover, the demodu-
lator umt 27 supplies the data D1 to other blocks in the
communication device 20.
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The phase synchronizer unit 28 generates, on the basis of
the voltage signal at the other end of the coil 21, a signal S22
that synchronizes with the voltage signal. The phase syn-
chronizer unit 28 1s constituted with the utilization of a PLL
(Phase Locked Loop).

FIGS. 2A and 2B illustrate one operation example of the
phase synchronizer unit 28. FIG. 2A illustrates operation in
a case where a communication distance from the commu-
nication device 10 to the communication device 20 1s short.
FIG. 2B illustrates operation in a case where the commu-
nication distance is long. In the case with the short commu-
nication distance, a coupling coeflicient of the coil 15 of the
communication device 10 and the coil 21 of the communi-
cation device 20 becomes large, causing an increase 1in
amplitude of the signal S21. Meanwhile, 1n the case with the
long communication distance, the coupling coellicient of the
coil 15 and the coil 21 becomes small, causing a decrease 1n
the amplitude of the signal S21. The phase synchronizer unit
28 generates, regardless of the amplitude of the signal S21,
on the basis of the voltage signal at the other end of the coil
21, the signal S22 that synchronizes with the voltage signal.

The phase adjuster unit 29 adjusts a phase of the signal
S22 by an amount of a phase shift in accordance with an
instruction from the communication controller unit 32, and
outputs, as the signal S23, a signal whose phase has been
adjusted. The phase adjuster unit 29 may be constituted with
the utilization of, for example, a variable delay circuit. It 1s
to be noted that this 1s non-limiting, but the phase adjuster
umt 29 may be constituted by anything that 1s able to make
phase adjustments.

The amplitude detector unit 30 detects, on the basis of the
voltage signal at the other end of the coil 21, an amplitude
value V ., of the voltage signal. As described above, because
the amplitude of the signal S21 changes with the commu-
nication distance from the communication device 10 to the
communication device 20, the amplitude of the voltage
signal at the other end of the coil 21 also changes 1n a similar
manner i accordance with the communication distance.
Accordingly, the amplitude detector unit 30 detects the
amplitude value V,, of the voltage signal, and supplies a
detection result to the communication controller umt 32.

It 1s to be noted that 1n this example, the demodulator unit
27, the phase synchronizer unit 28, and the amplitude
detector unit 30 operate on the basis of the voltage signal at
the other end of the coil 21, but this 1s non-limiting. For
example, the demodulator unit 27, the phase synchronizer
umt 28, and the amplitude detector unit 30 may operate on
the basis of a voltage signal at the one end of the coil 21, or
alternatively, the demodulator unit 27, the phase synchro-
nizer unit 28, and the amplitude detector unit 30 may operate
on the basis of a voltage signal between both the ends of the
coil 21.

The data generator unit 31 generates the data D2 to be
transmitted, and supplies the data D2 to the communication
controller unit 32.

The communication controller unit 32 generates the
switch control signals SW1 and SW2 on the basis of the
amplitude value V ;- and on the basis of the data D2. The
communication controller unit 32 supplies the switch control
signal SW1 to the switches 23 A and 23B, while supplying
the switch control signal SW2 to the switch 25. Specifically,
the communication controller unit 32 turns on and off the
switch 25 1n accordance with the data D2, in a case where
the amplitude value V ;- 1s equal to or larger than a prede-
termine threshold value Vthl. In other words, 1n this case,
the communication device 20 utilizes the passive load
modulation, in transmitting the data D2. Moreover, the
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communication controller unit 32 turns on and ofl the
switches 23 A and 23B 1n accordance with the data D2, 1n a
case where the amplitude value V- 1s smaller than the
predetermine threshold value Vthl. In other words, 1n this
case, the communication device 20 utilizes the active load
modulation, 1n transmitting the data D2.

Furthermore, the communication controller unit 32 has a
function of setting the amount of the phase shiit in the phase
adjuster unit 29. Hence, 1n the communication device 20, as
described later, 1t 1s possible to increase the communication
distance, 1n transmitting the data D2 to the communication
device 10 by the active load modulation.

Here, the communication device 20 corresponds to one
specific example of a “communication device” 1n the dis-
closure. The phase synchronizer unit 28 corresponds to one
specific example of a “signal generator” 1n the disclosure.
The amplifiers 24A and 24B, and the switches 23 A and 23B
correspond to one specific example of a “first modulator” 1n
the disclosure. The switch 25 corresponds to one specific
example of a “second modulator” in the disclosure. The
amplitude detector umit 30 and the communication controller
unit 32 correspond to one specific example of a “commu-
nication controller” in the disclosure.
|Operation and Workings]

Description 1s given next of operation and workings of the
communication system 1 according to this embodiment.
[Outline of Overall Operation]

First, an outline of overall operation of the communica-
tion system 1 1s described with reference to FIG. 1.

The communication device 10 transmits, by the ASK
modulation, the data D1 to the communication device 20.
Specifically, first, in the communication device 10, the
carrier signal generator unit 11 generates the carrier signal,
and the data generator unit 12 generates the data D1 to be
transmitted. The modulator unit 13 modulates, by the ASK
modulation, the carrier signal with the utilization of the data
D1, to generate the signal S11. The amplifier 14 generates
the signal S12 on the basis of the signal S11. The coil 15
generates the magnetic field on the basis of the signal S12.
In the communication device 20, the coil 21 generates the
signal S21 on the basis of the magnetic field generated by the
coil 15. The demodulator unit 27 performs the demodulating
operation on the basis of the voltage signal at the other end
of the coil 21, to receive the data D1 transmitted from the
communication device 10.

The communication device 20 transmits, by the load
modulation, the data D2 to the communication device 10.
Specifically, first, 1n the period when the communication
device 10 transmits the carrier signal to the communication
device 20, the amplitude detector unit 30 detects the ampli-
tude value V o;;- of the voltage signal at the other end of the
coil 21. The phase synchronizer unit 28 generates, on the
basis of the voltage signal at the other end of the coil 21, the
signal S22 that synchronizes with the voltage signal. The
phase adjuster unit 29 adjusts the phase of the signal S22 by
the amount of the phase shift 1n accordance with the 1nstruc-
tion from the communication controller unit 32, and outputs,
as the signal S23, the signal whose phase has been adjusted.
The communication controller unit 32 generates the switch
control signals SW1 and SW2 on the basis of the amplitude
value V- and on the basis of the data D2. The communi-
cation controller unit 32 supplies the switch control signal
SW1 to the switches 23A and 23B, while supplying the
switch control signal SW2 to the switch 25. Thus, the load
viewed from the communication device 10 changes in
accordance with the data D2. The demodulator unit 17 of the
communication device 10 performs the demodulating opera-
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tion on the basis of the voltage signal at the other end of the
coill 15, to receive the data D2 transmitted from the com-
munication device 20.

[Regarding Load Modulation]

The communication device 20 transmits, by the load
modulation, the data D2 to the communication device 10. At
this occasion, the communication controller unit 32 selects,
on the basis of the amplitude value V., either the passive
load modulation or the active load modulation.

In the passive load modulation, 1n the period when the
communication device 10 transmits the carrier signal to the
communication device 20, the communication controller
unit 32 turns on and ofl the switch 25 1n accordance with the
data D2. Upon the switch 25 being turned on, the one end of
the coil 21 1s grounded through the resistor 26. This causes
the load viewed from the communication device 10 to
change 1n accordance with the data D2. The demodulator
umt 17 of the communication device 10 performs the
demodulating operation on the basis of the change in the
load, to receive the data D2 transmitted from the commu-
nication device 20.

In the active load modulation, 1mn the period when the
communication device 10 transmits the carrier signal to the
communication device 20, the communication controller
umit 32 turns on and off the switches 23A and 23B i
accordance with the data D2. Upon the switches 23A and
23B being turned on, the output signal of the amplifier 24 A
1s supplied to the one end of the coil 21, while the output
signal of the amplifier 24B 1s supplied to the other end of the
coil 21. In other words, a signal that synchromizes with the
carrier signal 1s supplied to between both the ends of the coil
21. This causes the coil 21 to generate the magnetic field.
Thus, 1n the active load modulation, unlike the passive load
modulation, the coil 21 1s directly supplied with the signal
W2 that synchromizes with the carrier signal, causing the
magnetic field to change significantly. This causes the load
viewed from the communication device 10 to change in
accordance with the data D2. On the basis of the change 1n
the load, the demodulator unit 17 of the communication
device 10 performs the demodulating operation, to receive
the data D2 transmitted from the communication device 20.

FIG. 3 schematically illustrates operation of the active
load modulation. The coil 15 of the communication device
10 generates the magnetic field on the basis of the carrier
signal W1. The coil 21 of the communication device 20
generates the magnetic field on the basis of the signal W2
that synchronizes with the carrier signal, 1n a period when
the switches 23A and 23B are turned on. Moreover, the
demodulator unit 17 of the communication device 10 per-
forms the demodulating operation on the basis of a com-
posite signal W3 of the carrier signal W1 and the signal W2.
The composite signal W3 may be represented as follows.
|[Expression 1]

A sin(@H+B sin(wi+0)=Y 42+B?+24Bcosd sin(6+) (1)

Here, a first term of a left side denotes the carrier signal
W1. A second term of the left side denotes the signal W2.
Thus, the composite signal W3 may be represented with the
utilization of a composite theorem of a sine wave. Adjusting,
the amount of the phase shift in the phase adjuster unit 29 of
the communication device 20 makes it possible to adjust a
phase 0 1n the expression (1). Hence, 1 the active load
modulation, 1t 1s possible to increase amplitude of the
composite signal W3, leading to an increase 1n a degree of
modulation. As described, 1n the communication system 1,
setting the amount of the phase shiit in the phase adjuster
unit 29 at an appropriate value makes 1t possible to increase
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the communication distance from the communication device
10 to the communication device 20.
[ Detailed Operation]

FIG. 4 illustrates one operation example of the commu-
nication system 1. In the communication system 1, first, the
communication device 10 transmits the data D1 to the
communication device 20. Moreover, the communication
device 20 transmits the data D2 to the communication
device 10, to make a response. In the following, this
operation 1s described 1n detail.

First, the communication device 10 transmits, by the ASK
modulation, the data D1 to the communication device 20
(step S1).

Thereatter, the demodulator unit 27 of the communication
device 20 makes a confirmation as to whether or not the
demodulator unit 27 has received the data D1 (step S2). In
a case where the demodulator unit 27 has received the data
D1, the data generator unit 31 of the communication device
20 generates the data D2 for the response to the communi-
cation device 10, and the flow proceeds to step S3. More-
over, 1n a case where the demodulator unit 27 has failed in
receiving the data D1, the flow returns to step S1, and
repeats the steps S1 and S2 until reception.

Thereafter, the amplitude detector unit 30 of the commu-
nication device 20 detects the amplitude value V- of the
voltage signal at the other end of the coil 21 (step S3).

Thereatfter, the communication controller unit 32 of the
communication device 20 compares the amplitude value
V o3 detected 1n step S3 with the predetermined threshold
value Vthl (step S4). In a case where the amplitude value
V- 18 equal to or larger than the threshold value Vthl
(V2 Vthl), the communication device 20 transmits, by the
passive load modulation, the data D2 to the commumnication
device 10 (step S5). Specifically, the communication con-
troller unit 32 turns on and off the switch 25 with the
utilization of the switch control signal SW2, in accordance
with the data D2. In other words, in the case where the
amplitude value V .4;-1s equal to or larger than the threshold
value Vthl, the communication controller unit 32 deter-
mines that the communication distance from the communi-
cation device 10 to the communication device 20 1s short,
and selects the passive load modulation.

Meanwhile, in step S4, 1n a case where the amplitude
value Vg 1s smaller than the threshold value Vthl
(V o,<Vthl), the communication device 20 transmits, by the
passive load modulation, the data D2 to the communication
device 10 (step S6). Specifically, the communication con-
troller unit 32 turns on and ofl the switches 23A and 23B
with the utilization of the switch control signal SW1, in
accordance with the data D2. In other words, in the case
where the amplitude value V .;;-1s smaller than the threshold
value Vthl, the communication controller unit 32 deter-
mines that the communication distance from the communi-
cation device 10 to the communication device 20 1s long,
and selects the active load modulation.

Thus, the flow ends.

As described, 1n the commumnication system 1, a configu-
ration 1s made to be able to select either the passive load
modulation or the active load modulation. Hence, it 1s
possible to enhance communication quality.

Specifically, in the communication device 20, 1n the case

where the amplitude value V ;- 1s equal to or larger than the
threshold value Vthl, the determination 1s made that the

communication distance tfrom the communication device 10

to the communication device 20 1s short. Thus, the passive
load modulation 1s selected. In other words, 1n the case with

the short communication distance, there 1s no necessity of
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using the active load modulation that allows for the increase
in the communication distance. Accordingly, the passive

load modulation 1s selected. Hence, in the communication
system 1, 1t 1s possible to reduce possibility of occurrence of
erroneous operation. In other words, for example, 1n a case
where the active load modulation 1s utilized with the com-
munication distance being short, the magnetic field becomes
too strong, contributing to the possibility of the occurrence
ol the erroneous operation 1n the communication device 10.
In contrast, 1n the communication system 1, the passive load
modulation 1s utilized in the case with the short communi-
cation distance. This makes 1t possible to restrain the
strength of the magnetic field, leading to reduction in the
possibility of the occurrence of the erroneous operation. As
a result, 1n the communication system 1, 1t 1s possible to
enhance the communication quality in the case with the
short communication distance.

Moreover, 1n the communication device 20, in the case
where the amplitude value V ;. 1s smaller than the threshold
value Vthl, the determination 1s made that the communica-
tion distance from the commumnication device 10 to the
communication device 20 i1s long. Thus, the active load
modulation 1s selected. This makes 1t possible to perform
communication even in a case where the communication
device 10 and the communication device 20 are spaced
away. As a result, in the communication system 1, 1t 1s
possible to enhance the communication quality 1n the case
with the long communication distance.
|[Effects]

As described, i this embodiment, the configuration is
made to be able to select erther the passive load modulation
or the active load modulation. Hence, it 1s possible to
enhance the communication quality.

Modification Example 1

In the forgoimng embodiment, either the passive load
modulation or the active load modulation 1s selected on the
basis of the amplitude value V ., but this 1s non-limiting. In
the following, this modification example 1s described in
detail by giving some examples.

FIG. 5 illustrates one configuration example of a com-
munication system 1B according to this modification
example. The communication system 1B includes a com-
munication device 20B. The communication device 20B
includes a demodulator unit 27B and a communication
controller unmit 32B.

The demodulator unit 27B performs the demodulating
operation on the basis of the voltage signal at the other end
of the coil 21, to receive the data D1 transmitted from the
communication device 10, as with the demodulator unit 27
according to the forgoing embodiment. Moreover, the
demodulator unit 27B distinguishes a standard with which
the communication device 10 1s 1n conformity (a commu-
nication standard SP), and supplies a distinction result to the
communication controller unit 32. An example of distinction
methods may be to utilize the degree of the modulation of a
signal transmitted from the communication device 10. In
other words, as described above, the communication device
10 1s 1n conformity with any one of the various standards
such as the TypeA standard, the TypeB standard, the FeliCa
standard, and the ISO15693 standard. The modulator unit 13
of the commumnication device 10 performs the ASK modu-
lation at the degree of the modulation corresponding to the
standard with which the communication device 10 1s 1n
conformity. Accordingly, the demodulator unit 27B 1s able to
distinguish, on the basis of the degree of the modulation of
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the signal transmitted from the communication device 10,
the standard with which the communication device 10 1s 1n
conformity (the communication standard SP). It 1s to be
noted that this 1s non-limiting. The demodulator unit 27B
may distinguish the communication standard SP on the basis
of, for example, other features of the signal (coding, a bit
rate, and/or a sub carrier). Moreover, 1n a case where
information 1 accordance with the communication standard
SP 1s included in the data D1 transmitted by the communi-
cation device 10, the demodulator unit 27B may distinguish
the communication standard SP on the basis of the infor-
mation.

The communication controller unit 32B generates the
switch control signals SW1 and SW2 on the basis of the
communication standard SP and on the basis of the data D2.
Specifically, the communication controller unit 32B turns on
and off the switches 23A and 23B 1n accordance with the
data D2, in a case where the communication standard SP 1s
included in one or more communication standards set in
advance. In other words, 1n this case, the communication
device 20B utilizes the active load modulation. Here, the one
or more communication standards set in advance are, for
example, standards utilized in applications with the long
communication distances, and may include, for example, the
FeliCa standard. Moreover, the communication controller
unit 32B turns on and ofl the switch 25 1n accordance with
the data D2, 1n a case where the communication standard SP
1s not included 1n the one or more communication standards.
In other words, 1n this case, the communication device 20B
utilizes the passive load modulation.

Here, the demodulator unit 27B and the communication
controller unit 32B correspond to one specific example of
the “communication controller” in the disclosure.

FIG. 6 illustrates one operation example of the commu-
nication system 1B.

First, as with the case of the communication system 1
(FIG. 4), the communication device 10 transmits, by the
ASK modulation, the data D1 to the communication device
20B (step S1). The demodulator unit 27B of the communi-
cation device 20B makes the confirmation as to whether or
not the demodulator unit 27B has received the data D1 (step
S2).

Thereatter, the demodulator unit 27B of the communica-
tion device 20B distinguishes the communication standard
SP (step S13).

Thereafter, the communication controller unit 32B of the
communication device 20B makes a confirmation as to
whether or not the communication standard SP distinguished
in step S13 1s mncluded 1n the one or more predetermined
communication standards set in advance (step S14). In a
case where the communication standard SP 1s included 1n the
one or more predetermined communication standards, the
communication device 20B transmits, by the active load
modulation, the data D2 to the communication device 10
(step S15). Meanwhile, 1n a case where the communication
standard SP 1s not included 1n the one or more predetermined
communication standards, the communication device 20B
transmits, by the passive load modulation, the data D2 to the
communication device 10 (step S16).

Thus, the flow ends.

As described, 1n the communication system 1B, the active
load modulation 1s selected in the case where the commu-
nication standard SP 1s included 1n the one or more prede-
termined communication standards that are utilized in the
applications with the long communication distances. The
passive load modulation i1s selected 1in the case where the
communication standard SP 1s not included in the one or
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more predetermined communication standards. Hence, 1t 1s
possible to enhance the communication quality.

FIG. 7 illustrates one configuration example ol another
communication system 1C according to this modification
example. The communication system 1C includes a com-
munication device 20C. The communication device 20C
includes the demodulator unit 27B and a communication
controller unit 32C. The communication controller unit 32C
generates the switch control signals SW1 and SW2 on the
basis of the amplitude value V .45, the commumnication stan-
dard SP, and the data D2. Specifically, first, the communi-
cation controller unit 32C sets the predetermined threshold
value Vthl on the basis of the communication standard SP.
The threshold value Vthl 1s set at a larger value, as the
communication distance for the communication standard SP
1s shorter. For example, because the TypeB standard 1s a
standard that nvolves performing communication at a
shorter distance than those of the TypeA standard and the
FeliCa standard, the threshold value Vthl is set at a large
value. Moreover, the communication controller unit 32C
turns on and oif the switch 25 in accordance with the data
D2, 1n the case where the amplitude value V .,,.1s equal to or
larger than the predetermined threshold value Vthl. In other
words, 1n this case, the communication device 20C utilizes
the passive load modulation. Meanwhile, the communica-
tion controller unit 32C turns on and off the switches 23A
and 23B 1n accordance with the data D2, in the case where
the amplitude value V ;- 1s smaller than the predetermined
threshold wvalue Vthl. In other words, in this case, the
communication controller unit 32C utilizes the active load
modulation.

Here, the amplitude detector unit 30, the demodulator unit
278, and the communication controller unit 32C correspond
to one specific example of the “communication controller”
in the disclosure.

FIG. 8 illustrates one operation example of the commu-
nication system 1C.

First, as with the case of the communication system 1B
(FIG. 6), the communication device 10 transmits, by the
ASK modulation, the data D1 to the communication device
20 (step S1). The demodulator unit 27B of the communica-
tion device 20C makes the confirmation as to whether or not
the demodulator unit 27B has received the data D1 (step S2).

Thereatter, the demodulator unit 27B of the communica-
tion device 20C distinguishes the communication standard
SP (step S13).

Thereatter, the communication controller unit 32C of the
communication device 20C sets the threshold value Vthl on
the basis of the commumnication standard SP distinguished in
step S13 (step S24).

Thereatter, the amplitude detector unit 30 of the commu-
nication device 20C detects the amplitude value V- of the
voltage signal at the other end of the coil 21 (step S3).

Thereafter, the communication controller unit 32C of the
communication device 20C compares the amplitude value
V.- detected 1n step S3 with the predetermined threshold
value Vthl (step S4). In the case where the amplitude value
V- 18 equal to or larger than the threshold value Vthl
(V= Vthl), the communication device 20 transmits, by the
passive load modulation, the data D2 to the commumnication
device 10 (step S5). Meanwhile, 1n the case where the
amplitude value V. 1s smaller than the threshold value
Vthl (V. <Vthl), the communication device 20 transmits,
by the passive load modulation, the data D2 to the commu-
nication device 10 (step S6).

Thus, the flow ends.
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As described, in the communication system 1C, the
threshold value Vthl i1s set on the basis of the communica-

tion standard SP. Hence, 1t 1s possible to enhance the
communication quality. In other words, the standards such
as the TypeA standard, the TypeB standard, the FeliCa
standard, and the ISO15693 standard differ in communica-
tion performance from one another, and therefore difier in
upper limits of the communication distances that allow for
communication by the passive load modulation. Specifi-
cally, for example, because the TypeB standard i1s a standard
for the short communication distance, 1t 1s necessary to set
the threshold value Vthl at a larger value than those of the
TypeA standard and the FeliCa standard. Thus, the active
load modulation 1s more likely to be selected 1n the TypeB
standard, leading to the increase in the communication
distance. As described above, 1n the communication system
1C, utilizing the threshold value Vthl in accordance with the
communication standard SP makes 1t possible to make a
change-over between the passive load modulation and the
active load modulation, 1n accordance with the communi-
cation performance 1n the relevant communication standard
SP. As a result, in the communication system 1C, it 1s
possible to enhance the communication quality.

2. Second Embodiment

Description 1s given next of a communication system 2
according to a second embodiment. This embodiment
includes transmitting data by the active load modulation,
without utilizing the passive load modulation. It 1s to be
noted that substantially same constituent parts as those of the
communication system 1 according to the forgoing first
embodiment are denoted by the same reference characters,
and description thereof 1s omitted as appropriate.

FI1G. 9 illustrates one configuration example of the com-
munication system 2 according to this embodiment. The
communication system 2 includes a communication device
40. The communication device 40 includes the coil 21, the
capacitor 22, the switches 23 A and 23B, the amplifiers 24A
and 24B, the demodulator umt 27, the phase synchronizer
unit 28, the phase adjuster unit 29, the amplitude detector
unit 30, the data generator unit 31, and a communication
controller unit 42. In other words, the communication device
40 1s an equivalent of the communication device 20 accord-
ing to the first embodiment, except that the switch 25 and the
resistor 26 are eliminated, and that the communication
controller unit 32 1s replaced with the communication con-
troller unit 42. That 1s, the communication device 40 trans-
mits the data D2 to the communication device 10, by the
active load modulation, without utilizing the passive load
modulation.

The commumnication controller unmit 42 generates the
switch control signal SW1 on the basis of the data D2, and
supplies the switch control signal SW1 to the switches 23A
and 23B. Moreover, the communication controller unit 42
also has the function of setting the amount of the phase shiit
in the phase adjuster unit 29, on the basis of the amplitude
value V. Hence, as described below, 1t 1s possible to
increase the communication distance.

In other words, first, the phase synchronizer unmit 28
disposed at a pre-stage of the phase adjuster unit 29 gener-
ates, on the basis of the voltage signal at the other end of the
coil 21, the signal S22 that synchronizes with the voltage
signal. At this occasion, 1mn some cases, the phase of the
output signal S22 of the phase synchronizer unit 28 changes
in accordance with the amplitude value V4. of the voltage
signal at the other end of the coil 21. In this case, as
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represented by the expression (1), the amplitude in the
composite signal W3 changes, causing possibility of a
change 1n an upper limit of a communication distance from
the communication device 10 to the communication device
40 (a communication-enabling distance).

FIG. 10 1llustrates the communication-enabling distance
in the TypeB standard. In FI1G. 10, a vertical axis denotes the
communication-enabling distance, whereas a horizontal axis
denotes a phase of the signal S23, with reference to the phase
of the voltage signal at the other end of the coil 21.

As 1llustrated 1n FIG. 10, as the phase of the signal S23
changes, the communication-enabling distance changes. In
other words, as represented by the expression (1), as the
phase of the signal S23 changes, the amplitude in the
composite signal W3 changes, causing the degree of the
modulation to change. As a result, the communication-
enabling distance changes. In this example, 1n a case where
the amplitude value V- 1s 0.54V, the communication-
enabling distance becomes the smallest in a case where the
phase of the signal S23 1s at or around 30 degrees. Likewise,
in a case where the amplitude value V., 1s 1.32V, the
communication-enabling distance becomes the smallest in a
case where the phase of the signal S23 1s at or around 60
degrees.

The communication controller unit 42 sets, on the basis of
the amplitude value V .;;, the amount of the phase shiit in the
phase adjuster unit 29, to increase the communication-
enabling distance. Specifically, the communication control-
ler unit 42 sets the amount of the phase shift in the phase
adjuster umt 29 at an amount of a phase shift P1, in a case
where the amplitude value V ;- 1s equal to or larger than a
predetermined threshold Vth2. The amount of the phase shift
P1 1s so set as to increase the communication-enabling
distance, 1n a case where the amplitude value V ;- 15 large.
Moreover, the communication controller unit 42 sets the
amount of the phase shift in the phase adjuster unit 29 at an
amount of a phase shift P2, in a case where the amplitude
value V ¢;;-1s smaller than the predetermined threshold Vth2.
The amount of the phase shift P2 1s so set as to increase the
communication-enabling distance, in a case where the
amplitude value V .;;-1s small. Hence, 1in the communication
system 2, it 1s possible to increase the communication
distance.

Here, the communication device 40 corresponds to one
specific example of the “commumnication device” in the
disclosure. The phase adjuster unit 29, the amplitude detec-
tor unit 30, and the communication controller unit 42
correspond to one specific example of a “phase adjuster” 1n
the disclosure.

FIG. 11 illustrates one operation example of the commu-
nication system 2.

First, as with the case of the communication system 1
according to the first embodiment (FIG. 4), the communi-
cation device 10 transmits, by the ASK modulation, the data
D1 to the communication device 40 (step S1). The demodu-
lator umit 27 of the communication device 40 makes the
confirmation as to whether or not the demodulator unit 27
has received the data D1 (step S2).

Thereatter, the amplitude detector unit 30 of the commu-
nication device 40 detects the amplitude value V- of the
voltage signal at the other end of the coil 21 (step S3).

Thereatfter, the communication controller unit 42 of the
communication device 40 compares the amplitude value
V.4 detected 1n step S3 with the predetermine threshold
value Vth2 (step S34). In a case where the amplitude value
V- 18 equal to or larger than the threshold value Vth2
(V;2Vth2), the communication controller unit 42 sets the
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amount of the phase shift in the phase adjuster unit 29 at the
amount of the phase shift P1 (step S33). Meanwhile, 1n a
case where the amplitude value V- 1s smaller than the
threshold value Vth2 (V,<Vth2), the communication con-
troller unit 42 sets the amount of the phase shift in the phase
adjuster unit 29 at the amount of the phase shift P2 (step
S36).

Thereafter, the communication device 40 transmits, by the
active load modulation, the data D2 to the communication
device 10 (step S37).

Thus, the flow ends.

As described, 1n the communication system 2, the amount
of the phase shift in the phase adjuster unit 29 1s adjusted.
Hence, 1t 1s possible to increase the communication distance.
In particular, in the communication system 2, the amount of
the phase shiit in the phase adjuster unit 29 1s adjusted on the
basis of the amplitude value V.. Accordingly, even in a
case where the phase of the output signal S22 of the phase
synchronizer unit 28 changes 1n accordance with the ampli-
tude value V ¢, 1t 15 possible to restrain the communication
distance from being aflected by the change 1n the phase. As
a result, 1n the communication system 2, 1t 1s possible to
enhance the communication quality.

As described above, 1n this embodiment, a configuration
1s made to be able to adjust the amount of the phase shiit in
the phase adjuster unit. Hence, 1t 1s possible to enhance the
communication quality.

Modification Example 2-1

In the forgoing embodiment, the amplitude value V. 1s
compared with the single threshold value Vth2, to set the
amount of the phase shift in the phase adjuster unit 29.
However, this 1s non-limiting. In one alternative, for
example, a plurality of threshold values may be provided.
The amplitude value V ;- may be compared with the plu-
rality of the threshold values, to set the amount of the phase
shift in the phase adjuster unit 29 more finely. Moreover, for
example, as 1llustrated 1n FIG. 12, a look-up table may be
utilized that summarizes relation between the amplitude
value V- and the amount of the phase shift in the phase
adjuster unit 29. A communication controller umt 42A
according to this modification example sets, 1n step S44, the
amount of the phase shift in the phase adjuster unit 29, on
the basis of the amplitude value V. detected 1n step S3,
with the utilization of the look-up table. It 1s to be noted that
the look-up table 1s utilized in this example, but this 1s
non-limiting. A function may be utilized that represents the
relation between the amplitude value V ;-and the amount of
the phase shift in the phase adjuster unit 29.

Modification Example 2-2

In the forgoing embodiment, the amount of the phase shift
in the phase adjuster unit 29 1s set on the basis of the
amplitude value V ;. However, this 1s non-limiting. In the
following, this modification example 1s described 1n detail
by giving some examples.

FIG. 13 illustrates one configuration example of a com-
munication system 2B according to this modification
example. The communication system 2B includes a com-
munication device 40B. The communication device 40B
includes the demodulator unit 27B and a communication
controller unit 42B. The demodulator unit 27B performs the
demodulating operation on the basis of the voltage signal at
the other end of the coil 21, to receive the data D1 trans-
mitted from the communication device 10, while distin-
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guishing the standard with which the communication device
10 1s 1n conformity (the communication standard SP). The
communication controller unit 42B sets the amount of the
phase shift in the phase adjuster unit 29 on the basis of the
communication standard SP.

Here, the phase adjuster unit 29, the demodulator unit
278, and the communication controller unit 42B correspond
to one specific example of the “phase adjuster” in the
disclosure.

FIG. 14 illustrates one operation example of the commu-
nication system 2B.

First, as with the case of the communication system 2
(FIG. 11), the communication device 10 transmits, by the
ASK modulation, the data D1 to the communication device
40B (step S1). The demodulator unit 27B of the communi-
cation device 40B makes the confirmation as to whether or
not the demodulator unit 27B has received the data D1 (step
S2).

Thereatter, the demodulator unit 27B of the communica-
tion device 40B distinguishes the communication standard
SP (step S13).

Thereafter, the communication controller unit 42B of the
communication device BOB sets the amount of the phase
shift 1n the phase adjuster unit 29 on the basis of the
communication standard SP distinguished 1n step S13 (step
S54).

Thereatter, the communication device 40B transmits, by
the active load modulation, the data D2 to the communica-
tion device 10 (step S37).

Thus, the flow ends.

As described, in the communication system 2B, the
amount of the phase shift 1n the phase adjuster unit 29 1s set
on the basis of the communication standard SP. Hence, 1t 1s
possible to enhance a degree of freedom 1n setting the
amount of the phase shift. Specifically, for example, 1n a
case where the communication standard SP 1s a standard
utilized in the applications with the long commumnication
distances, 1t 1s possible to set the amount of the phase shift,
so as to 1ncrease the communication-enabling distance even
more. As a result, in the communication system 2B, it 1s
possible to enhance the communication quality.

FIG. 15 illustrates one configuration example of another
communication system 2C according to this modification
example. The communication system 2C includes a com-
munication device 40C. The communication device 40C
includes the demodulator unit 27B and a communication
controller unit 42C. The communication controller unit 42C
sets the amount of the phase shift in the phase adjuster unit
29 on the basis of the communication standard SP and on the
basis of the amplitude value V ;. Specifically, the commu-
nication controller unit 42C makes a change-over of the
predetermined threshold value Vth2 and a change-over of
the amounts of the phase shift P1 and P2, on the basis of the
communication standard SP.

Here, the phase adjuster unit 29, the amplitude detector
unit 30, the demodulator unit 27B, and the communication
controller unit 42C correspond to one specific example of
the “phase adjuster” 1n the disclosure.

FIG. 16 illustrates one operation example of the commu-
nication system 2C.

First, as with the case of the communication system 2B
(FIG. 14), the communication device 10 transmits, by the
ASK modulation, the data D1 to the communication device
40C (step S1). The demodulator unit 27B of the communi-
cation device 40C makes the confirmation as to whether or
not the demodulator unit 27B has recerved the data D1 (step
S2).
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Thereatter, the demodulator unit 27B of the communica-
tion device 40C distinguishes the communication standard
SP (step S13).

Thereafter, the communication controller unit 42C of the
communication device 40C sets the threshold value Vth2,
and the amounts of the phase shift P1 and P2, on the basis
of the communication standard SP distinguished 1n step S13
(step S64).

Thereafter, the amplitude detector unit 30 of the commu-
nication device 40C detects the amplitude value V ;- of the
voltage signal at the other end of the coil 21 (step S3).

Thereafter, the communication controller unit 42C of the
communication device 40C compares the amplitude value
V., detected 1n step S3 with the predetermined threshold
value Vth2 (step S34). In a case where the amplitude value
V.- 18 equal to or larger than the threshold value Vth2
(V ;2 Vth2), the communication controller unit 42C sets the
amount of the phase shift in the phase adjuster unit 29 at the
amount of the phase shift P1 (step S33). Meanwhile, 1n a
case where the amplitude value V- 1s smaller than the
threshold value Vth2 (V .,<Vth2), the communication con-
troller unit 42C sets the amount of the phase shiit in the
phase adjuster unit 29 at the amount of the phase shift P2
(step S36).

Thereafter, the communication device 40C transmits, by
the active load modulation, the data D2 to the communica-
tion device 10 (step S37).

Thus, the flow ends.

As described, 1 the communication system 2C, the
change-over of the threshold value Vth2 and the change-
over of the amounts of the phase shift P1 and P2 are made
on the basis of the communication standard SP. Hence, 1t 1s
possible to enhance the degree of the freedom 1n setting the
amount of the phase shift. As a result, 1n the communication
system 2C, it 1s possible to enhance the communication

quality.

3. Third Embodiment

Description 1s given next of a communication system 3
according to a third embodiment. In this embodiment, a
configuration 1s made to be able to select either the passive
load modulation or the active load modulation. In addition,
this embodiment 1ncludes setting the amount of the phase
shift in the phase adjuster unit 29, 1n a case where the active
load modulation has been selected. It 1s to be noted that
substantially same constituent parts as those of the commu-
nication systems 1 and 2 according to the first and second
embodiments are denoted by the same reference characters,
and description thereof 1s omitted as appropriate.

FIG. 17 illustrates one configuration example of the
communication system 3 according to this embodiment. The
communication system 3 includes a communication device
50. The communication device 50 includes a communica-
tion controller unit 52. The communication controller unit
52 generates the switch control signals SW1 and SW2 on the
basis of the communication standard SP and on the basis of
the data D2. Specifically, as with the communication con-
troller unit 32B according to the modification example of the
first embodiment, the communication controller unit 52
turns on and off the switches 23A and 23B 1n accordance
with the data D2, in the case where the communication
standard SP 1s included 1n the one or more communication
standards set in advance. In other words, 1n this case, the
communication device 30 utilizes the active load modula-
tion. Moreover, the communication controller unit 52 turns
on and off the switch 25 in accordance with the data D2, in
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the case where the communication standard SP 1s not
included in the one or more communication standards. In
other words, 1n this case, the communication device 50
utilizes the passive load modulation. At this occasion, in
utilizing the active load modulation, the communication
controller unit 52 also has a function of controlling the
amount of the phase shift in the phase adjuster unit 29, on
the basis of the amplitude value V,,,, as with the commu-
nication controller unit 42 according to the second embodi-
ment.

FIG. 18 illustrates one operation example of the commu-
nication system 3.

First, as with the case of the communication system 1B
according to the modification example of the first embodi-
ment (FIG. 6), the communication device 10 transmits, by
the ASK modulation, the data D1 to the communication
device 350 (step S1). The demodulator umit 27B of the
communication device 50 makes the confirmation as to
whether or not the demodulator unit 27B has received the
data D1 (step S2).

Thereafter, the demodulator unit 27B of the communica-
tion device 50 distinguishes the communication standard SP
(step S13).

Thereafter, the communication controller unit 32B of the
communication device 50 makes the confirmation as to
whether or not the communication standard SP distinguished
in step S13 1s included in the one or more predetermined
communication standards set 1n advance (step S14). In the
case where the communication standard SP 1s not included
in the one or more predetermined communication standards,
the communication device 50 transmits, by the passive load
modulation, the data D2 to the communication device 10
(step S16).

In step S14, 1n the case where the communication stan-
dard SP 1s included in the one or more predetermined
communication standards, the amplitude detector unit 30 of
the communication device 50 detects the amplitude value
V .;-0f the voltage signal at the other end of the coil 21 (step
S3).

Thereatfter, the communication controller unit 52 of the
communication device 50 compares the amplitude value
V.- detected 1n step S3 with the predetermined threshold
value Vth2 (step S34). In the case where the amplitude value
V- 18 equal to or larger than the threshold value Vth2
(V. =2Vth2), the communication controller unit 52 sets the

amount of the phase shift in the phase adjuster unit 29 at the
amount of the phase shift P1 (step S35). Meanwhile, 1n the
case where the amplitude value V. 1s smaller than the
threshold value Vth2 (V. ,<Vth2), the communication con-
troller unit 52 sets the amount of the phase shiit in the phase
adjuster unmt 29 at the amount of the phase shift P2 (step
S36).

Thereatter, the communication device 50 transmits, by the
active load modulation, the data D2 to the communication
device 10 (step S37).

Thus, the flow ends.

As described, 1 this embodiment, the configuration is
made to be able to select erther the passive load modulation
or the active load modulation. In addition, this embodiment
includes adjusting the amount of the phase shift in the phase
adjuster unit 29 1n the case where the active load modulation
has been selected. Hence, it 1s possible to enhance the
communication quality.

Although description has been made by giving the
embodiments and the modification examples, the contents of
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the technology are not limited to the above-mentioned
example embodiments and may be modified 1n a variety of
ways.

For example, the third embodiment provides a combina-
tion of the communication controller unit 32B according to
the modification example of the first embodiment and the
communication controller unit 42 according to the second
embodiment. However, this 1s non-limiting. There may be
provided any combinations of the communication controller
units according to the embodiments and their modification
examples.

It 1s to be noted that effects described herein are merely
exemplified. Effects of the disclosure are not limited to the

[ 1

cllects described herein. Effects of the disclosure may fur-
ther include other effects than the effects described herein.

Moreover, for example, the technology may have the
tollowing configuration.

(1) A communication device, including:

a signal generator that generates, on the basis of a first
signal recerved from a communication partner through a
coil, a second signal that synchronizes with the first signal;

a first modulator configured to be able to modulate the
first signal on the basis of the second signal;

a second modulator configured to be able to modulate the
first signal; and

a communication controller that selects, on the basis of
the first signal, whichever modulator 1s to be operated, from
the first modulator and the second modulator.

(2) The communication device according to (1), in which

the communication controller selects, on the basis of an
amplitude value of the first signal, whichever modulator 1s
to be operated, from the first modulator and the second
modulator.

(3) The communication device according to (2), in which

the communication controller selects the second modula-
tor on the condition that the amplitude value i1s larger than
a predetermined value, and selects the first modulator on the
condition that the amplitude value 1s smaller than the
predetermined value.

(4) The communication device according to (3), in which

the communication controller sets the predetermined
value on the basis of a communication method with the
communication partnetr.

(5) The communication device according to (1), in which

the communication controller selects, on the basis of a
communication method with the communication partner,
whichever modulator is to be operated, from the first modu-
lator and the second modulator.

(6) The communication device according to (4) or (35), 1n
which
the communication partner modulates the first signal, and
the commumnication controller distinguishes the commu-
nication method on the basis of a degree of modulation of
the first signal modulated by the communication partner.

(7) The communication device according to any one of (1)
to (6), turther including a phase adjuster that adjusts a phase
ol the second signal on the basis of the first signal, 1n which

the first modulator 1s configured to be able to modulate the
first signal on the basis of the second signal the phase of
which has been adjusted by the phase adjuster.

(8) The communication device according to any one of (1)
to (7), in which

the signal generator includes a phase synchronization
circuit.

(9) The communication device according to any one of (1)

to (8), mn which
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the first modulator 1includes a first switch, and turning on
of the first switch causes the second signal to be supplied to
the coil.

(10) The communication device according to any one of
(1) to (9), 1n which

the second modulator includes a second switch coupled to
the coil.

(11) A communication device, including:

a signal generator that generates, on the basis of a first
signal received from a communication partner through a
coil, a second signal that synchronizes with the first signal;

a phase adjuster that adjusts a phase of the second signal
on the basis of the first signal; and

a first modulator configured to be able to modulate the
first signal on the basis of the second signal the phase of
which has been adjusted by the phase adjuster.

(12) The communication device according to (11), in

which

the phase adjuster adjusts the phase of the second signal
on the basis of an amplitude value of the first signal.
(13) The communication device according to (12), in

which

the phase adjuster sets the phase of the second signal at a
first phase value on the condition that the amplitude value 1s
larger than a predetermined value, and sets the phase of the
second signal at a second phase value on the condition that
the amplitude value 1s smaller than the predetermined value.

(14) The communication device according to (13), in
which

the phase adjuster sets the predetermined value on the
basis of a communication method with the communication
partner.

(15) The communication device according to (14), in
which

the phase adjuster sets the first phase value and the second
phase value on the basis of the commumnication method with
the communication partner.

(16) The communication device according to (11), in
which

the phase adjuster adjusts the phase of the second signal
on the basis of a communication method with the commu-
nication partner.

(17) The communication device according to any one of
(14) to (16), 1n which

the communication partner modulates the first signal, and

the phase adjuster distinguishes the communication
method on the basis of a degree of modulation of the first
signal modulated by the communication partner.

(18) The communication device according to any one of
(11) to (17), turther including;:

a second modulator configured to be able to modulate the
first signal; and

a communication controller that selects, on the basis of
the first signal, whichever modulator 1s to be operated, from
the first modulator and the second modulator, 1n which

the phase adjuster adjusts the phase of the second signal
on the basis of the first signal, on the condition that the
communication controller has selected the first modulator.

(19) A communication method, mcluding:

allowing a coil to receive a first signal from a communi-
cation partner;

generating, on the basis of the first signal, a second signal
that synchronizes with the first signal; and

selecting, on the basis of the first signal, whichever
modulator 1s to be operated, from a first modulator and a
second modulator, the first modulator being configured to be
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able to modulate the first signal on the basis of the second
signal, and the second modulator being configured to be able
to modulate the first signal.

(20) A communication method, including;

allowing a coil to recerve a first signal from a communi-
cation partner;

generating, on the basis of the first signal, a second si1gnal
that synchronizes with the first signal;

adjusting a phase of the second signal on the basis of the
first signal; and

allowing a first modulator to operate, the first modulator
being configured to be able to modulate the first signal on the
basis of the second signal the phase of which has been
adjusted.

It should be understood by those skilled in the art that
various modifications, combinations, sub-combinations and
alterations may occur depending on design requirements and
other factors insofar as they are within the scope of the
appended claims or the equivalents thereof.

The 1nvention claimed 1s:
1. A communication device comprising:
a signal generator configured to
receive a reception signal from a communication part-
ner via a coil, and

generate a transmission signal based on the reception
signal, the transmission signal being synchronized
with the reception signal;

a first modulator configured to modulate the transmission
signal;

a second modulator configured to modulate the reception
signal;

a communication controller configured to select one of the
first modulator or the second modulator based on a
communication distance from the communication part-
ner to the communication device.

2. The communication device according to claim 1,
wherein the second modulator 1s further configured to modu-
late the reception signal based on the transmission signal.

3. The communication device according to claim 2, fur-
ther comprising:

a demodulator unit configured to

distinguish a communication standard type of the
reception signal from the communication partner,
and

supply a distinction result indicative of the communi-
cation standard type to the communication control-
ler.

4. The communication device according to claim 3,
wherein the communication standard type 1s one communi-
cation standard type selected from a group consisting of:

a Type A standard,

a Type B standard,

a FeliCa standard, and

an 1SO15693 standard.

5. The communication device according to claim 1,
wherein, to select the one of the first modulator or the second
modulator based on the communication distance from the
communication partner to the communication device, the
communication controller 1s further configured to

detect an amplitude value of the reception signal, and

determine the communication distance based on the
amplitude value.

6. The communication device according to claim 5,
wherein the first modulator 1s configured to perform an
active load modulation, and wherein the second modulator
1s configured to perform a passive load modulation.
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7. The communication device according to claim 6,
wherein, to determine the communication distance based on
the amplitude value, the communication controller 1s further
configured to

determine whether the amplitude value 1s equal to or

larger than a predetermined threshold value,

select the second modulator 1n response to determining

that the amplitude value 1s equal to or larger than the
predetermined threshold value, and

select the first modulator 1n response to determining that

the amplitude value 1s not equal to or larger than the
predetermined threshold value.

8. The communication device according to claim 6,
wherein, to determine the communication distance based on
the amplitude value, the communication controller 1s further
configured to

detect a change 1n the amplitude value from being equal

to or larger than a predetermined threshold value to
being lower than the predetermined threshold value,
and

select the first modulator 1n response to detecting the

change 1n the amplitude value from being equal to or
larger than the predetermined threshold value to being
lower than the predetermined threshold value.
9. The communication device according to claim 6,
wherein, to determine the communication distance based on
the amplitude value, the communication controller 1s further
configured to
detect a change in the amplitude value from being lower
than a predetermined threshold value to being equal to
or larger than the predetermined threshold value, and

select the second modulator 1n response to detecting the
change 1n the amplitude value from being lower than
the predetermined threshold value to being equal to or
larger than the predetermined threshold value.

10. The communication device according to claim 1,
wherein the first modulator 1s configured to modulate the
transmission signal with an amplitude shift keying (ASK)
modulation.

11. The communication device according to claim 1,
further comprising:

a phase adjuster circuitry configured to adjust a phase of

the transmission signal based on the reception signal.

12. A communication system comprising:

a first communication device; and

a second communication device including

a signal generator configured to
receive a reception signal from the first communi-
cation device via a coil, and
generate a transmaission signal based on the reception
signal, the transmission signal being synchronized
with the reception signal,
a first modulator configured to modulate the transmis-
s1on signal,
a second modulator configured to modulate the recep-
tion signal,
a communication controller configured to select one of
the first modulator or the second modulator based on
a communication distance from the first communi-
cation device to the second communication device.

13. The communication system according to claim 12,
wherein the second modulator 1s further configured to modu-
late the reception signal based on the transmission signal.

14. The communication system according to claim 13,
wherein the second communication device further includes

a demodulator unit configured to
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distinguish a communication standard type of the
reception signal from the first communication
device, and

supply a distinction result indicative of the communi-
cation standard type to the communication control-
ler.

15. The communication system according to claim 14,
wherein the communication standard type 1s one communi-
cation standard type selected from a group consisting of:

a Type A standard,

a Type B standard,

a FeliCa standard, and

an 1SO15693 standard.

16. The communication system according to claim 12,
wherein, to select the one of the first modulator or the second
modulator based on the communication distance from the
first communication device to the second communication
device, the communication controller 1s further configured
to

detect an amplitude value of the reception signal, and

determine the communication distance based on the

amplitude value.

17. The communication system according to claim 16,
wherein the first modulator 1s further configured to perform
an active load modulation, and wherein the second modu-
lator 1s configured to perform a passive load modulation.

18. The communication system according to claim 17,
wherein, to determine the communication distance based on
the amplitude value, the communication controller 1s further
configured to

determine whether the amplitude value i1s equal to or

larger than a predetermined threshold value,

select the second modulator 1n response to determining

that the amplitude value 1s equal to or larger than the
predetermined threshold value, and

select the first modulator in response to determining that

the amplitude value 1s not equal to or larger than the
predetermined threshold value.

19. The communication system according to claim 17,
wherein, to determine the communication distance based on
the amplitude value, the communication controller 1s further
configured to

detect a change 1n the amplitude value from being equal

to or larger than a predetermined threshold value to
being lower than the predetermined threshold value,
and

select the first modulator in response to detecting the

change 1n the amplitude value from being equal to or
larger than the predetermined threshold value to being
lower than the predetermined threshold value.
20. The communication system according to claim 17,
wherein, to determine the communication distance based on
the amplitude value, the communication controller 1s further
configured to
detect a change 1n the amplitude value from being lower
than a predetermined threshold value to being equal to
or larger than the predetermined threshold value, and

select the second modulator 1n response to detecting the
change 1n the amplitude value from being lower than
the predetermined threshold value to being equal to or
larger than the predetermined threshold value.

21. The communication system according to claim 12,
wherein the first communication device includes a coil and
a demodulator unit configured to receive data from the
second communication device by detecting an amplitude or
a phase of a voltage signal at one end of the coil of the first
communication device.
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22. The communication system according to claim 12,
wherein the second communication device further includes
a phase adjuster circuitry configured to adjust a phase of the
transmission signal based on the reception signal.

23. A communication device comprising:

a signal generator configured to

receive a reception signal from a communication part-
ner via a coil, and

generate a first signal based on the reception signal, the
first signal being synchronized with the reception
signal;

a first modulator configured to modulate the reception

signal based on the first signal;

a second modulator configured to modulate the reception

signal; and

a communication controller configured to select one of the

first modulator or the second modulator based on a
communication distance from the communication part-
ner to the communication device.

24. The communication device according to claim 23,
wherein the communication controller 1s further configured
to distinguish a communication standard type of the recep-
tion signal from the communication partner.

25. The communication device according to claim 24,
wherein the communication standard type 1s one communi-
cation standard type selected from a group including:

a Type A standard,

a Type B standard, and

a FeliCa standard.

26. The communication device according to claim 24,
wherein the communication controller 1s configured to con-
trol the first modulator and the second modulator based on
the communication standard type.

27. The communication device according to claim 24,
wherein the communication controller 1s further configured
to select from the first modulator and the second modulator
based on the communication standard type.

28. The communication device according to claim 23,
wherein, to select one of the first modulator or the second
modulator based on the communication distance from the
communication partner to the communication device, the
communication controller 1s further configured to

detect an amplitude value of the reception signal, and

determine the communication distance based on the

amplitude value.

29. The communication device according to claim 28,
wherein the communication controller 1s further configured
to control the first modulator and the second modulator
based on the amplitude value.

30. The communication device according to claim 28,

wherein the communication controller 1s further configured
to select from the first modulator and the second modulator
based on the amplitude value.

31. The communication device according to claim 28,
wherein, to determine the communication distance based on
the amplitude value, the communication controller 1s further
configured to

determine whether the amplitude value 1s equal to or

larger than a predetermined threshold value,

select the second modulator 1n response to determining

that the amplitude value 1s equal to or larger than the
predetermined threshold value, and

select the first modulator 1n response to determining that

the amplitude value i1s not equal to or larger than the
predetermined threshold value.
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32. The communication device according to claim 23,
wherein the second modulator 1s configured to modulate the
reception signal without using the first signal.

33. The communication device according to claim 23,
wherein the first modulator 1s further configured to perform 5
an active load modulation, and wherein the second modu-
lator 1s configured to perform a passive load modulation.
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